by 2050, there is a continued urgency for the sustainable use and management of agriculture, forests, and fisheries that can meet human needs and maintain ecological integrity in the Anthropocene. Coral reefs provide livelihoods, food security, cultural practices and ecosystem services for millions of people worldwide, for example by supporting one-quarter of the world's small-scale fishers [2] . But with increasing human pressure, valuable ecological functions can be unexpectedly lost [3, 4] . Managing sustainable coral reef fisheries requires rebuilding reef resources and ecosystem functioning, while also strengthening livelihoods and governance in reefdependent societies [5, 6] . However, management decisions are often missing simple indicators and reference points, such as how many fish or how much habitat is required to maintain fisheries yields over the long-term.
A new study by Nick Graham and colleagues [7] in this issue of Current Biology evaluates how humans alter trophic pyramids on coral reefs to show a path towards win-win management, where intact trophic pyramids can support ecological functions and, in turn, higher-value livelihoods for resource users (Figure 1 ).
Fishing Through the Food Web
Ecological communities can be described in many ways: by their pattern of the abundance and identity of species, by the type of functional traits or amount of evolutionary history they contain, or by the ways in which energy and productivity flow through their food webs. A classic approach to describing food webs is with trophic pyramids, which are simple diagrams of complex processes that show how biomass is distributed from the lower trophic level -prey at the base of the pyramid -to higher trophic levels, with predators at the top [8] . In the real world, trophic pyramids are bottomheavy with more biomass at lower trophic levels due to metabolic and size-based constraints on how energy is transferred upwards through consumers and top predators [9] . Different patterns of fishing should alter trophic pyramids in predictable ways. One such pattern, 'fishing down the food web', implies that fishing starts at the highest-value species at the top of the pyramid and then moves down the pyramid as predators collapse with exploitation [10] . For coral reefs, fishing through entire trophic pyramids [11] may be common practice as all trophic levels have market value. The highest trophic levels are the most valuable -snappers, groupers and trevallies are sold at high prices to regional markets and hotels -but mesopredators (mid-trophic-species) and small invertivores and herbivores (low-trophic-species) are also sold for affordable prices to local traders and households [12] . Understanding how fisheries and market forces shape the ecological structure of coral reefs is a key step towards ecosystem-and evidence-based management.
In their study, Graham et al. [7] present the first demonstration of human alterations to coral reef trophic pyramids across an extensive empirical dataset in the Indian Ocean. Here, the total biomass of reef fish (i.e., the total wet weight of fish on a reef) is a useful indicator for human gradients of fisheries exploitation: heavily fished reefs had very low reef fish biomass (<100 kg/ha), whereas some of the world's most remote reefs in the Chagos Archipelago contained much more biomass (3000 kg/ha).
Three key findings emerge to suggest that there are predictable alterations to trophic structure with human exploitation on coral reefs, but also, potentially, predictable strategies to rebuild coral reef fisheries. First, Graham et al. [7] document how the structure of coral reef trophic pyramids changed dramatically along a gradient of total biomass. If the reef food web is being 'fished down', the average trophic level of the fish remaining on the reefs should decline sharply at high fishing intensity, but it does not. Why? While top predators declined with exploitation as expected, the relative proportion of mid-trophiclevel invertebrate and plankton-feeders increased on heavily fished reefs ( Figure 1A ), suggesting that additional energy from reef invertebrates or open-ocean food webs can fuel some biomass production, even under high exploitation.
Second, towards the other end of the gradient on remote and lightly fished reefs, the authors found that biomass accumulated at the base and peak of the trophic pyramid, a pattern they describe as a 'concave' trophic structure. This concave structure contains ecologicallyimportant species both at the base of the pyramid -e.g., large herbivorous Current Biology Dispatches parrotfishes -that provide critical grazing functions and give reefs the best chance to recover from disturbances linked to climate change [13] , and predators at the top of the pyramid, like carnivorous jacks, groupers and snappers, that are high-value fishery targets ( Figure 1B) . Finally, Graham et al. [7] provide a reference target for the minimum amount of total biomass needed to reach these concave trophic pyramids, which they estimate at about 665 kg/ha. In reality, this desirable trophic structure is more likely to be seen at higher levels of biomass, perhaps 1000 kg/ha [7] , and will depend on local contexts. In comparison, previous reference points for coral reef management have been estimated at about 300-600 kg/ha [14, 15] , which suggests that reaching a concave trophic structure may require substantially more management effort, and less fishing pressure.
For ecologists, these findings suggest that we still have a lot to learn about the fluxes of energy and biomass through reef food webs. From a thermodynamics perspective, it makes no sense for one trophic level to have a higher biomass than the level below it, unless the energy accounting is incomplete. So how might concave trophic pyramids emerge? Graham et al. [7] suggest that top predators on reefs can feed at multiple levels in the trophic pyramid, consistent with expectations of size-based predation in aquatic systems [9] . Coral reef consumers can also assimilate energy far beyond their local trophic pyramids, for example by foraging within other reef, seagrass or mangrove habitats, or pelagic food webs that can provide energy subsidies for biomass at the peak of the pyramid [9, 16] . Future investigations into these alternative energy pathways can help understand how reef food webs maintain concave trophic pyramids, and how energy and biomass are connected across different systems and food webs.
Rebuilding Sustainable Coral Reef Fisheries
Managing coral reef fisheries is notoriously challenging, and ecologists can help by providing broad guidelines and principles towards sustainability. Graham et al. [7] identify a novel concave trophic structure on lightly fished reefs that could provide a new reference for managing coral reef fisheries. If concave trophic pyramids can maintain essential ecological functioning, and support higher-value reef fisheries, is this a win-win for both nature and people?
From the perspective of local resource users, access to higher quality catches often provides more income, potentially reducing poverty and increasing food security [5] . However, higher trophic levels are also naturally more vulnerable to overexploitation, and have typically slow life histories and smaller population sizes, which can slow down recovery [17] . What level of fishing effort can by sustained by concave trophic pyramids? What specific management tools can be used to reach and maintain the biomass of higher trophic levels for fisheries in developing countries? Insights from coral trout fisheries on Australia's Great Barrier Reef suggest that harvest controls and reduced fishing effort can be successful [18] , but are these management tools appropriate for small-scale fisheries in developing countries? Answering these questions will ultimately require further investigations into the social-ecological systems of coral reef fisheries, to understand how management can meet ecological and economic targets while avoiding common social drivers of overexploitation and collapse [19] .
In reality, the vast majority of the world's reefs fall below sustainable management targets [15] , while the dependence of human populations on fish protein and micronutrients continues to grow [2, 20] . Graham et al. [7] provide novel insights into the structure of trophic pyramids on coral reefs that can support functioning ecosystems and, potentially, higher-value livelihoods. Ultimately, finding sustainability for coral reef fisheries may lie in these win-wins, where ecosystems and resource users can find common ground.
New work in Caenorhabditis elegans shows that during embryogenesis endodermal cells interact with and regulate primordial germ cells by actively excising and digesting germ cell lobes. Endodermal cells utilize proteins linked to endocytosis to perform this unique 'cannibalistic' process.
It is now widely accepted, based on data from model organisms and humans, that multicellular organisms routinely get rid of unwanted, excess, or used cells [1] . This process of cell clearance, as well as many components of the engulfment machinery involved, appear to be evolutionarily conserved [2] . Normally, cell clearance is mediated by professional phagocytes (e.g., macrophages), which are more adept at eating, and by non-professional phagocytes (e.g., epithelial cells and fibroblasts), which often have a tissuespecific role but are also capable of eating dying cells when necessary [3] . While most of these cell clearance processes involve 'phagocytosis' of whole dying cells, there are emerging examples in which a living cell extends processes which need to be 'trimmed' -one of the best examples being the pruning of dendrites by neighboring glial cells in the nervous system [4] . Now, in a recent paper, Abdu et al. [5] report a novel form of such 'partial eating', which the authors term 'cannibalism', whereby the endodermal cells of the developing Caenorhabditis elegans embryo actively ingest lobes from primordial germ cells (PGCs). Importantly, this cannibalism leaves the rest of the PGC viable and influences the size and composition of PGCs during development. This finding illustrates the importance of partial cellular engulfment for an organism's survival and hints at a conserved mechanism for cellular 'gnawing'.
After fertilization of the oocyte, the newly formed zygote undergoes a series of orchestrated events resulting in the formation of the gastrula, which consists of two to three germ layers. One conserved layer, the endoderm, eventually gives rise to the majority of the epithelial linings of the gastrointestinal and respiratory tracts, thymic epithelium, and the lining of thyroid gland follicles. During this period, PGCs -the cells that eventually give rise to gametes -migrate to and interact with the endoderm prior to homing to the genital ridges. Though we have learned a lot about the timing and migration of PGCs in association with the endoderm, whether the endoderm modifies PGCs during this interaction has remained unclear. Microscopy observations have shown that PGCs, when associated with the endoderm, form protruding lobes. Using elegant and cutting-edge imaging studies, Abdu et al. [5] now demonstrate that PGCs intrinsically control lobe formation/ extension and that these lobes are then 'eaten' by endodermal cells that are in contact with these lobes (Figure 1 ). We know that this process involves active eating/uptake by the endodermal cells because the PGC lobes are completely contained inside vesicles that are positive for lysosome-associated membrane protein 1 (LMP-1), indicating degradation of ingested material inside the lysosome, and embryos lacking endodermal cells failed to eat PGC lobes.
This finding alone is important for two reasons: it shows that phagocytosis of pieces of live cells by other cells is performed remarkably early in embryogenesis, and it provides evidence that, besides the classical phagocytosis of whole cells that has been well detailed in many tissues, partial eating of pieces of other cells is an archaic process conserved across species. Abdu et al. [5] term this 'trans-eating' by endodermal cells of the lobes of 'live' PGCs as 'cannibalism'. Such phagocytosis of partial pieces of live cells has been observed in other systems and has been variably called simply phagocytosis, frustrated phagocytosis, trogocytosis, and so on (see more below). It is important to distinguish this
